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Abstract 
One key criterion of CO2 capture solvents is their resistance to ageing – a set of thermal and chemical mechanisms - leading to 
a degradation of the process optimal operation and possible emissions. From literature, many lab-scale studies on solvent 
degradation are not sufficiently representative of industrial capture conditions. In order to address this issue, EDF R&D decided
to set up a lab for studying degradation of solvents used for CO2 capture, named “LEMEDES-CO2”. In particular, LEMEDES-
CO2 lab-scale apparatus has been designed to reproduce the dynamic cycling of the solvent between the absorber and the stripper 
columns. The technical features of this original lab-scale apparatus are based on the chemical absorption principle with short 
cycles of absorption and stripping and a fast heating up and cooling down of the solvent. Using MEA solvent as benchmark case, 
an important number of degradation products has been detected and most of the species are identified, in agreement with 
literature. Those results showed this bench scale set up capacity to mimic observed degradation behavior witnessed on industrial
pilot plant, thus validating the capacity of the lab-scale experiment to simulate the operating conditions seen by the solvent during 
cycles of absorption and stripping.  
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
One key criterion of CO2 capture solvents is their resistance to ageing – a set of thermal and chemical 
mechanisms - leading to a degradation of the process optimal operation and possible emissions. From literature, 
many lab-scale studies on solvent degradation are not sufficiently representative of industrial capture conditions. 
Indeed batch reactors, i.e. not open on the gas side, used traditionally [1] are not representative since volatile 
compounds cannot be stripped out from the solvent. Other separate studies concern degradation in absorber [2] or 
stripper [3] but without considering the effect of changing conditions between the absorber and the stripper on 
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solvent degradation. Only one study implement the cycling between absorption/stripping conditions [4] but the 
stripping step is still in batch and only the MDEA solvent was studied. 
In order to address this issue, EDF R&D decided to set up a lab for studying degradation of solvents used for CO2
capture, named “LEMEDES-CO2”. The experimental approach is essential and answers many needs: identification 
of degradation products, understanding of their generation, developing knowledge about solvent characterization. 
That’s why this lab includes two types of equipments. The first one is a lab-scale apparatus enabling the ageing of 
solvents under conditions representative (and fully controlled) of post-combustion CO2 capture for power 
generation. Indeed LEMEDES-CO2 lab-scale apparatus has been designed to reproduce the dynamic cycling of the 
solvent between the absorber and the stripper columns. The technical features of this lab-scale apparatus are based 
on the chemical absorption principle. The second one of equipment is a set of analytical equipments for identifying 
the degradation products formed; a GC-MS being our main analytical tool. 
2. Experimental methods 
The technical features of LEMEDES-CO2 lab-scale apparatus are based on the chemical absorption principle and 
are the following: a semi-batch glass reactor (open on the gas side) where the solvent is brought into contact with a 
synthetic flue gas, an heat exchanger supplied with mineral oil enabling a fast heating up and cooling down of the 
solvent (for temperature control), piping to circulate the solvent between the reactor and the heat exchanger, an 
outlet piping to exhaust the outlet gas (including pressure control) and a gas blender to control flow rates and 
composition of the synthetic flue gas. All piping is made of hastelloy in order to uncouple oxidation and corrosion 
phenomenon. This facility is able to handle a pressure up to 6 bara. The control system follows many parameters 
such as pH, gas composition, conductivity and, operates continuously and automatically (24h/24 and 7d/7). Gases 
analyzers are connected to follow in continue outlet gases concentration. Samples are taken from the liquid and gas 
phase and analyzed at regular intervals. 
Fig. 1. The LEMEDES-CO2 lab-scale apparatus  
The experimental conditions are chosen according to be representative of industrial conditions of post-
combustion amine-based capture systems. An experimental procedure has been developed for 30 wt % MEA. The 
synthetic flue gas composition is CO2 15% N2 82% and air 3%. Gas flow rate is 1800 NL/h and liquid flow rate is < 
30 L/min. Absorber temperature is set at 50°C at atmospheric pressure and stripper temperature is set at 120°C at 4 
bara, the pressure limit solvent boiling and the condenser duty, stripping is carried out by N2 injection. The duration 
of a cycle of absorption and desorption is less than one hour. The ageing campaigns last at least one month (about 
750 hours). 
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GC-MS liquid analyses were performed on an Agilent 7890A gas chromatograph coupled with Jeol JMS-
Q1000GC-II mass spectrometer. A non-polar fused silica capillary column CP-SIL 8CB-ms (30 m × 0.25 mm with 1 
m film thickness) was used (supplied by Agilent. The temperature gradient is : initial temperature at 40°C is held for 
2 min then raised to 130°C at 7°C/min, then increased to 280°C at 13°C/min and held for 10 min. Helium was used 
as carrier gas in constant flow mode at 1 mL/min. The transfer line temperature to the MS detector was set at 280°C. 
Mass spectrometer was used with the electronic ionization source (70 eV) heated at 250ƕC. The acquisition was 
made with scan mode. 
3. Results  
Figure 2 presents a GC-MS chromatogram obtained at the end of one MEA campaign with the operating 
conditions explained before and after about 700 h (750 cyles). Only qualitative data are currently available. Many of 
the compounds, reported in literature from pilot plant results, have been identified in the aged sample of MEA 
(figure 2). 
Fig. 2. GC-MS chromatogram of degraded MEA solution in LEMEDES-CO2 lab-scale (700 hours). 
Retention time (min) Identification Present in other references 
17.4 N-(2-hydroxyethyl) formamide (HEF) [5], [6], [7] 
18.0 N-(2-hydroxyethyl)acetamide (HEA) [5], [6], [7] 
18.5 
18.7 
20.4 
21.7 
24.3 
N-(2-hydroxyethyl)glycine (HeGly) 
2-oxazolidone (OZD) 
1-(2-hydroxyethyl)imidazole (HEI) 
N-(2-hydroxyethyl)succinimide (HESu) 
4-(2-hydroxyethyl)piperazin-2-one (4-HEPO) 
[6], [9] 
[5], [6], [7] 
[5], [6] 
[5], [6], [7] 
[5], [6] 
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4. Conclusion 
A new laboratory, called “LEMEDES-CO2”, for studying degradation in CO2 capture solvents has been set up at 
EDF R&D. 30%-wt MEA solvent was used as the benchmark case. An important number of degradation products 
has been detected and most of the species are identified, in agreement with literature. Those results showed this 
bench scale set up capacity to mimic observed degradation behavior witnessed on industrial pilot plant, thus 
validating the capacity of the lab-scale experiment to simulate the alternating operating conditions seen by the 
solvent during cycles of absorption and stripping. Furthermore, within the framework of a French-funded R&D 
project (named DALMATIEN for Degradation of Amines in Liquid Matrix and Analysis: Toxicity or Innocuousness 
for ENvironment?), our results are currently compared with the degradation products observed from a capture pilot 
plant of a partner in order to investigate the mechanisms of formation of these compounds. 
Acknowledgements 
The authors would like to acknowledge financial support from French ANR DALMATIEN.  
References 
[1] Bello, A.; Idem, R.O. Pathways for the Formation of Products of the Oxidative Degradation of CO2-Loaded Concentrated Aqueous
Monoethanolamine Solutions during CO2 Absorption from Flue Gases. Ind. Eng. Chem. Res. 2005, 44, 945-969. 
[2] Sexton, A.J.; Rochelle, G.T. Reaction Products from the Oxidative Degradation of Monoethanolamine. Ind. Eng. Chem. Res. 2011, 50, 667-
673. 
[3] Freeman, S.A.; Davis, J.; Rochelle G.T. Degradation of aqueous piperazine in carbon dioxide capture, International Journal of Greenhouse 
Gas Control 2010, 4, 756-761 
[4] Closmann, F.; Rochelle, G.T. Degradation of aqueous methyldiethanolamine by temperature and oxygen cycling. Energy Procedia 2011, 4, 
23-28 
[5] Strazisar, B. R.; Anderson, R. R.; White, C. M. Degradation Pathways for Monoethanolamine in a CO2 Capture Facility. Energy Fuels, 2003, 
17, 1034-1039 
[6] Lepaumier, A; Da Silva, E. Comparison of MEA degradation in pilot-scale with lab-scale experiments. Energy Procedia 2011, 37, 877-882 
[7] Reynolds, A; Verheyen, T; et al.; Chemical Characterization of MEA Degradation in PCC pilot plants operating in Australia. Energy Procedia 
2011, 4, 23-28 
[9] Vevelstad, S, Grimstvedt,A, Thermal degradation on already oxidatively degraded solutions. Energy Procedia 2013. 
